DOCUMENT  CONTROL  DATA  -  R  A  0 


i Security  f/4irit‘ifflfiaR  ef  t==dy  vt  and  index h v  •=  *  -•*»*- 


-a- !  lit  c when  the  uvetsfi  i 


1  aWCiMi'miC  *Cti«iT«  'Csqi««ir 

Z*.  RuDCw*  SECv*S;ty  Ci.A$SIPlCATlCN 

NAVAL  MEDICAL  RESEARCH  INSTITUTE 

. 

- 

UNCLASSIFIED 

NATIONAL  NAVAL  MEDICAL  CENTER 

2b.  CROUP 

NKING  FOR  ORGAN  PRESERVAT10 


•vC  NQTCS  ol rtpwl  «<jftchn.iv^  d&tes) 

ed iaal  research  progress  report  . 


BENJAMIN 


or  iceps 

25 


»]» 


ou.„ 

OdMcd  «••»  ,rJ,,£u“  V>>‘n',la'‘  f «f  «*»!» 
_—**  «*  -.  »> «»  *  *iZ%L* «  mw  » i.  ***  •“ 


\enolmnkii»g  fo'  O'*"* 

* - - 

.  . an 


D  o  r' 

C£2pro  nt, 

*jr  8 »??  /// 
7m§’VS§ 


^.rIIkhLs  sncn  »  l-  esainittCd  in  the  »«•  ‘  .,  ^ .»»  W  ink-  it  is  F«-“~  . 

ggSSSs 

tSxsSSS 

ik*  yet  been  ap£,K,<L.  use  o(  a  x‘iH«eneic  »«auU^{  ,  intact  fanctkmmg  uUm“  ky. 

tcimed  nient  mi*t  «*» 

WS^IS*  5f  £  **—  ifc*  n^cn  -f  * 

-xcnolwnVinS.  J  w  csam,;K  **Ju>  definitive  tt****^^  w  to 

,nn$»t  lie  asked  *  ^Wwnkinft  &*  *****  ”  „.„*»»«  skmW  ^ 

&  ^iriissj-ES  -  **  ^ 

ctss  *.  «--f  tsjrti  -  -  *-  «“>  -r* 

sr—  r-tscss*  -i?sxSii-”“ 

ssansr. rsrJ='  rr  s^SrSSC-s 

'  FiTSf  »  S3Sii^i  S«  *  **£ 

»**  V,  Vinssww- ««.  tW  »»**«£  ;SS  .w-  « 

»sr£  E**-  ->  •-*  ■’  «t 

'  - ;£3£-ri‘ C.™’  £»*- 

•  3s* *  -"Li,  «*  —•• ,hc  sss  JSSi  <* 

nffS^* -*•"£?  2E*  «.  -Oriif  ^  We  *wye  1,V*  i  ;.fWr.it  storage  »»  tU 
j£**  »•>  ,hr_^^iXl:  C^r  ******  feadHHty  o»  «**  J*g^  tbc  fckncv  "*' 

\jA ■3uAmd  hm  ;uc  tW**  f*  l*l’",4i'’f*  primate-  *«  ,  implafltid  Wo  a 

U  Ikr  C^'  tn««  a  ? 

X-H.-t«k*^fcC*,""0f-  ,  iy:5  _ _ 

v„  pi.  No.  8  i.OtOsn*  _ xr.-=ai^fTi 

'oun  » 


..■AiW.*1'*1*'' 


Sfl.1.  AM)  HKXJVMIX 


second  liahoou  tliat  had  lx*eu  inuuunosup- 
pwsM.il  by  letlial  irradiation,  am!  t!k*n  re- 
iinplaiitcd  after  5  days  into  the  original 
donor.  Recovery  was  prompt  and  function 
returner!  early.  More  tlian  6  mo  later,  tin* 
lialtoon  tiad  excellent  renal  function  and 
biopsies  slxmcd  no  residua)  damage. 

Tlie  principle  of  allograft  storage  in  tlx* 
human  was  first  made  feasible  wlien  Hume 
was  able  to  show  tliat  a  kidney  graft  at* 
taehed  c.Ntracorpereally  to  a  patient  with 
retail  disease  could  function.’6  Tlx*  intent 
of  this  procedure  was  to  assist  tlie  failing 
renal  function  of  tlx*  patient.  Xevertlieless. 
tlte  result  slxmcd  tliat  a  kidney  could  lie 
maintained  as  ait  allograft.  While  tlx*  Urn  - 
fit"  of  this  curly  renal  transplantation  effort 
were  transitory  am!  tlx-refore  hard  to 
evaluate,  it  served  as  a  prelude  to  tlx.-  later 
work  of  Lavender  who  rcjxnted  tlx*  suc¬ 
cessful  fuiK-tioti  of  a  human  kidixy  at- 
tadxsl  to  an  extracorporeal  shunt.17  Tltis 
kxlmy  was  uiaintaiixil  inside  a  plastic  con- 
taitxT  aixl  funetkax-d  for  25  days  before* 
umlcrgoiiig  acute  vascular  rejectkin.  It  not 
only  lunet toned  physhikign-ally,  Utt  in 
sihix-  respects  allowed  clinical  improve¬ 
ment  it»  tlx  patirnfs  renal  disease. 

Tlx*  use  of  aHnltuuk  storage  for  human 
rettvl  trausplantatkm  wixild  seem  to  liaxe 
limited  applic-ltility.  lxrwcvcr.  Not  many 
patients  would  want  to  serve  as  an  inter¬ 
mediate  "liank"  for  tlx*  storage  of  uts  organ 
wiiich  might  tUn  lx*  transplanted  to  an* 
otlx*r  human  after  tissue  typing  aixl  cross- 
matehing  had  U\i»  complete*!.  In  acklilimt. 
the  tfiuporary  aUaeluixitt  *»f  a  kidix  y  to  a 
human  patient  might  result  m  e*t1x*r  sensi¬ 
tization  of  tU*  patniit  nr  tlx*  deposition  of 
tlx*  intermediate  hosts  preformed  antiUxly 
in  the  kidney.  NewTtl»el;*ss.  this  tcchnk|uc 
could  provide  a  nxvnis  for  qutekh'  assessing 
whether  a  potential  recipient  had  pre¬ 
formed  antibody  directed  against  tlx*  tissue 
graft.  TU*  acute  rejection  of  an  externally 
attached  kxlrxy  wool*!  he  far  preferable  to 
rejection  of  that  same  kidney  at  tlx*  time  of 
intraahdranhul  implmtatxxi 


A  more  ideal  system  would  allow  tlx: 
storage*  of  a  human  organ  in  soux*  other 
prisnatc.  wlx»  would  thus  sem*  as  a  more 
reaJily  available,  if  not  more  willing,  inter¬ 
mediate  liost.  Xenolwiiking,  however,  pro- 
vitles  many  problems  -**  its  own.  Tlx*se 
include  Uith  tlx*  technical  and  imtnuno- 
logieal  difficulties  tliat  are  encountered  in 
repeated  .w-iKitranspiaiitation.  We  will  at¬ 
tempt  to  discuss  tlx*  problem  under  several 
topics  including  ( 1 )  sjxnitaix*ous  acute  re¬ 
jection  Ixtwecii  s|x*eies.  ( 2  #  an  attempt  to 
]>rovide  tlx*  ixst  nutlxx!  of  iinuitmoMip- 
pression  in  tlx*  intermediate  liost,  (3) 
cvuluathni  of  a  jx»tenti;d  n*eovery-rc|Mtr 
of  an  organ  during  a  period  of  storage  in 
tlx*  intermediate  Ixist.  and  (4)  evaluation 
of  tlx*  difficulty  encountered  on  reimplan¬ 
tation  of  the  graft  into  tlx*  original  animal, 
iixhxling  a.  (k-M-rijrtiot;  of  tlx*  immuno¬ 
logical  ivi  uts  tliat  are  apparently  initiated 
In*  the  addition  «»f  xenogem-k*  antigen  from 
tlx*  intmixiliatc  lx>vt  to  tlx*  stored  tissue 
graft.  Tlx;  last  point  imhidcs  tlx*  fact  that 
this  achoqrtino  *»f  \cnogctxic  antigen  n- 
siilts  in  tlx*  initiation  of  an  iimuuixdogira! 
response  in  tlx*  final  n-cipk-iit  dir*-tl**«l 
against  tlx*s**  antigens. 

Krsvi.rs 

Acute  Rejection  of  Xcm  grafts  -  Set  oral  Anti - 
Itodics 

Tlx*  find  problem  to  overcoim*  in  tlx* 
use  of  a  xcuahank  system  for  storage  of 
kidtxy  grafts  is  tlx*  hyperacute  ri  jixtiim 
often  se*ii  when  kkhxns  are  exchanged 
Isctwun  different  speek-s.  Tlx*  severity  of 
tlx*  rejection  is  accentuated  if  tlx*  dntxir 
ami  rccipxut  arc  of  a  distant  geix*tic  rela- 
tkmship.  For  instance,  a  graft  of  a  cat 
kkltxy  to  a  *k»g  resuhs  in  hyperacute  n  - 
jectkxi  ami  cessation  of  blood  flow-  within 
30  mind**  When  donor  ami  reeipkut  are  of 
the  sanx*  species,  then*  is  usually  no  acute 
rejection,  when  tlie  cross-match  is  negative* 
indicating  tliat  no  cytotoxic  performed  anti- 
Ixidies  art*  present.  In  sonx*  human  |n- 
tients.  however.  the  presence  of  anti-A  or 
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anti-B  red  blood  cell  antilxxlies  can  lead 
to  rejection  of  grafts  that  contain  tliese 
antigens.  In  ether  patients,  prcfonned  anti- 
IxKlies  can  Ik?  produced  doe  to  previous 
blood  transfusions,  previous  pregnancies, 
or  previous  tissue  transplantation.  In  each 
instance.  tlx?  presence  of  tlx-se  antilxxlies 
may  cause  acute  rejet&s  of  the  tissue 
graft.  Nevertheless,  in  general.  kidney 
grafts  e^d tanged  between  members  of  die 
same  species  arc  not  subject  to  acute  rejec¬ 
tion,  The  object  in  tlie  .xcnoiiank  system, 
therefore,  is  to  select  closely  related  species 
\v|jo.  like  inembets  of  the?  same  species,  will 
have  very  low  levels  of  natural  cross-reactive 
antilxxly  and  therefore  will  not  acutely 
reject  tlx?  .vcixigratied  organ. 

In  an  attempt  to  at  up  a  xeiwlwnk  sys¬ 
tem  ittvolviug  primates,  a  successful  eon> 
lxjiatKMi  was  nlxmn  to  exist  Ix-twccn  the* 
nracaqtx*  monkey  and  the  Ivdxxtn.  Sera 
obtaiixsl  from  cadi  of  tin?  sjx*cii*s  tested 
against  the  lymphocytes  of  tlx?  <i|qio- 
site '  specks  slxnvcd  only  low  levels  of 
uatnrally  occurring  antibody.  For  htstaixx*. 
we  liavc?  shown®5  that  seven  out  of  eiglit 
macaques  produce  cytolysis  of  ltalxxni 
tymphney  tes  at  riters  of  0-16  and  only  one 
shows  a  titer  of  1:32.  Tlx?se  titers  were 
sufficiently  low  as  to  minimize  the  diance 
of  aaite  rejection  of  tl»e  senografted  organ. 
However,  it  slxxild  lx*  noted  that,  even  in 
these  dosch’  related  species,  the  cellular 
rejertHMi  response  Is  accelerated  and  scents 
to  occur  at  a  faster  rate  tlian  is  ordiuurily 
seen  in  renal  allografts.  For  instance,  in  fhe 
primate  xenografts,  performed  without  im- 
immusnpprcssion.  round  cell  infiltration 
was  shown  to  occur  within  the  first  24  hr 
in  all  and  the  urine  flow  erased  In-  4-5 
dijs.1* 

With  the  proper  select son  of  closely  re¬ 
lated  species,  it  ts  possible  to  cnenwiv 
the  first  hazard  encountered  in  a  xrnnbank 
storage  sstrm:  i.c..  prevention  of  acute 
rejection  Ax?  to  preformed  antibodies.  The 
next  step  then  b  to  control  the  odhdar 
response  against  tlx-  xenograft 
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Table  I . — KHcct  of  I  motMnomppeisxm  <m 
Xmornfl  Sorvhal  as  Measured  by 
BUX  Lesels4 
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tmmumrstipimsxion  of  the  Intermediate 
Host 

While  tlx?  acute  rejection  of  tlx?  monkey 
kidney  stored  in  tlx?  Italxxm  is  not  the 
piuhkin,  tlx-re  is  a  rapid  and  destructive 
iimnuiK?  cellular  response.  Attempts  to  con¬ 
trol  this  A-kwed  hypersensitivity  by  use  of 
azathiopriuc  at  a  <k>se  of  JO  mg/kg  daily 
and  jrrcdiibntx?  at  a  dose  of  5-7  nig/kg 
twice  daily  were  not  effective1 1  (Table  I). 
While  several  oilier  cytotoxic  agents  or 
antifyinpluxyle  senun  rosy  liave  been 
tc*sted  in  this  nsjx-et.  our  laboratory  elected 
to  use  a  system  wbkh  provides  total  im- 
muixAuppressMXi,  namely  lethal  tidal  Ixxiy 
irradiatimi.  Fight  buixlrid  rads  received 
from  a  staralard  300  kv  maxitron  source 
prosed  to  lx*  lOtTc  let  I  al  in  balloons  within 
a  period  of  11-13  days,  in  13  irradiated  ani¬ 
mals,  tlx*  lymph**  >tv  cixmt  fi*H  to  less  than 
25t:r  of  ixnmal  levels  within  5S  hr.5"  Tlds 
fonn  of  timnunusiippftsSKHi.  however, 
necessarily  limited  tlx?  period  of  organ 
storage  to  the  survival  time  of  tlie  Ind 
It  was  possilde.  ixvertlx?less.  to  maintain 
one  xenobanked  kldixy-  in  a  viable  state 
for  1 1  days.  during  which  then*  was  mini¬ 
mal  evidence  of  mononuclear  infiltration 
or  of  any  other  dehicrirass  efifoct  Biopsy 
specimens  taken  at  5  days  in  eight  xeno* 
(tanked  kklrxys  slxmed  minimal  cellular 
infiltrate  in  only  one  kidney.  and  other¬ 
wise  immunological  damage  was  alxcnt. 
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BUN  ItwL  and  serum  creatinine  rose  early 
after  transplantatbin  to  tile  xenogeneic 
intermediate  host,  hut.  within  7  days, 
creatinine  lewis  had  rctumc-d  to  near  ikjt- 
rnal  and  BUN  lewis  which  had  readied  a 
peak  of  owr  60  nig/ 100  ml  Iiad  fallen  to 
less  than  50  nig/100  ml.  At  this  time, 
biopsies  revealed  a  reversal  of  early  tulrulur 
dumges  and  a  return  of  renal  morplrology 
to  iKmnal. 

Successful  Rehnidantathn  of  the  Xeno- 
hanked  Organ  a*  an  Autograft 

Karly  attempts  in  our  laboratory  to  \eno- 
itauk  primate  In-art  ■>  and  kidneys  were  only 
partially  successful. ,"1'  Although  total 
hod)'  letlial  radiation  pnixidcd  adequate 
immunosuppression  of  the  irttennediate 
liost  attempts  to  n-implant  the  stored  or¬ 
gan  were  largely  fruitless.  Two  explain- 
tions  for  this  seem  possiltle  after  art  ap¬ 
praisal  of  these  early  results:  a  technical 
flaw  hr  the  procedure  or  an  early  immune 
response  preventing  adetpiate  graft  func¬ 
tion.  Benjamin  lias  recently  shown  that 
kotli  explanations  were  pertinent  to  the 
prota-ms  encountered  alter  nrinplanta- 
tkm.,e  Changes  in  technk|iie.  including  the 
••se  of  slightly  larger  macaque  monkeys 
(M  ' war  spccioM).  exceedingly  careful 
renal  dissection,  as  suggested  In-  Collins 
et  at.2*  to  prevent  mRrorircuIatuiY  col¬ 
lapse;  and  omission  of  the-  gravimetric  per¬ 
fusion  preciously  used  on  extirpation  of  tin* 
donor  kidney.  xvere  all  carried  out.  In  addi¬ 
tion,  because  of  the  possibility  of  early 
postop* -rati  vc  mortality  and  depressed 
renal  function.  contra  Literal  nephrectomy 
was  «le laved  for  7  dux's.  Willi  these  changes, 
we  have  been  able  to  successfully  reim- 
plant**  macaque  kidneys  after  a  5-day 
period  of  xenogeneic  storage.  One-  success¬ 
ful  reimplantation  xne  possible.  xve  xvere 
fnrther  able  to  document  an  immune  re¬ 
jection  process  in  eight  of  these-  kidneys 
that  wen'  reimplanted  as  autografts.21 
These  kidneys  which  demonstrated  excel¬ 
lent  function  while*  in  the  baboon  intcr- 
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Fig.  1^— Mononuclear  cellular  infiltrate  seen 
in  macaque  khlney  autograft  1  \\k  after  reim¬ 
plantation  of  an  organ  wfik.ii  liail  previously 
lieeii  store*]  for  5  days  as  a  xenograft  hi  a 
letlialh'  irradiated  liaboou. 


mediate  liost.  upon  rei-nplaiitatkni  into  the 
original  d«KHir.  stimulated  a  cellular  im- 
miuie  res|MHisc*  in  all  eiglit  ( Fig.  1 ).  Bkip- 
sies  taken  at  24  hr  and  xvcekly  intervals 
thereafter  up  to  I  mo  ami  siita-rpiently  at 
irregular  intcnals  up  to  6  mo  showed  that 
this  lymphocyte  infiltrate  xx-js  trausitoiv. 
The  sequence  usually  seen  xx'as  first  a  peri* 
glomerular.  periarteriolar  iiionontK-h-ar  in¬ 
filtrate  within  21  hr,  accompanied  l*y  a 
significant  decrease  (p  <  0.01 1  in  periph¬ 
eral  lymphocyte  csHints  fnmi  an  average 
of  .7700  to  1500  per  cn  mm.  Simultaneously, 
a  decrease  in  C3  lewis  xxas  also  noted,  tat 
its  significance  xvas  clonded  lw  the*  fact  tliat 
complement  taels  xvere*  noted  to  drop 
after  cimtrol  renal  allograft  procedures,  lint 
not  as  profoundly,  nor  for  as  long  a  time. 
The  infiltrate  m  died  a  peak  at  7-10  days 
in  all  animals  and  thereafter  gradually 
faded  (Fig.  1),  usually  disappearing  by  -I 
xvk  ( Fig.  2).  Accompanying  change.-.  in  the 
glouH-nilar  basement  membrane  and  x-asen- 
lar  tufts  did  not.  however.  completely  n- 
xert  to  normal  until  6  mo  post  reimplanta¬ 
tion.  This  data  prmhled  th«*  first  evidence 
that  tta  xenolwnked  organ  xxas  modified, 
probably  liy  the  acquisition  of  hataon  liost 
antigen,  thereby  stimulating  a  cellular,  ami 
a  humoral  response  of  a  monkey  against 


xenohankixg 


1361 


Fiji.  2. — TIh*  same  maca(|iii'  kiditev  autograft 
-I  Vik  after  reimplantation.  Tlie  mononuclear 
infiltrate  lias  cleared  and  morphological  re¬ 
pair,  tliough  iiHiHnplete,  is  now  c.klent. 

its  own  kidney.  Tliat  tkw  was  indeed  a 
humoral  response  reeeiveri  further  support 
when  the  serum  of  the  IIikiI  recipient  was 
tested  against  lcdmon  lymplaicytes.  A 
rapidly  rising  titer  of  cytotoxic  antibody 
from  an  average  of  1:16  to  over  1:512  «tis 
noted.  which  peaked  hy  slay  21  posfcvhn- 
plantation  with  a  fall  to  near  prctrunsplant 
lewis  hy  day  .10  (  Table  2).  A  more  detailed 
explanation  of  this  phenomenon  is  expected 
from  itnmiim»fhiorescejit  studies  now  near¬ 
ing  'tunpletion. 

Smrcmful  Reimplantation  of  Xcnoltankal 
Organ  as  Allograft 

Fotir  xenohariked  kidneys  tliat  were  rc- 
implanted  as  allografts  survived  for  19-30 
days  (tmipattxl  to  control  allograft  survival 
of  7-19  days.”  This  occurred  despite  a 
relentless  and  progressive  mononot-kwr  in¬ 
filtrate  in  the  kidney,  accompanied  hy  high 
serum  levels  of  autihalionu  lymphoeytoioxic 
antibody  up  to  1:2648.  Anti-macaque  anti- 
Imdv.  which  might  he  exjicctcd  to  occur  in 
a  macaque  allograft,  was  imi  dctect- 
abk*  in  iympbocyt<>tG:xk'  tests  of  recipient 
serum  against  donor  lymplKX’ytcs;  hnwvver, 
such  antibody  might  be  absorbed  hy  the 
kidney  and  therefore  not  be  readily  dctcct- 


Tahlc  2.-  Macaque  AuUhabrnn  Lsaafthaoia- 
tozirity  Tk erv  Fdlcnruii  Reiuylaolation 
of  a  Xetmhaaked  Autograft 

Trfcr  • 

0-1:12 
0-1:16 
1:64-1:2048 
1:128-J:204S 
1:128-1:2048 
1:4-1:64 
0-1:8 

*  Kaldst  comphtm-irt  nsnl  full  strength. 

Data  rgKisoil'  eight  autografts. 

able:  in  flic  scrum  of  tin*  macaque  recipient. 
In  addition,  it  might  be  an  enhancing  anti- 
Imdv  and  not  active  in  eompkineut-tk*- 
pcmkait  test  metiiods. 

DtSC.t  SSlOX  AMI  St' MM  \HY 

XeiMilianking  has  tiecn  used  to  success¬ 
fully  maintain  ami  improve  l!u-  function 
of  stored  kidney  grafts  for  future  allo¬ 
transplantation.  At  present,  tin*  routine  pe¬ 
riod  of  storage  used  experimentally  is  arbi¬ 
trarily  5  days,  a  period  twite  tliat  seen 
with  the  systems  of  organ  perfusion  in 
current  use  in  many  laboratories  With  «mr 
jiresertt  means  of  inunuiMisuppresskm.  i.e.. 
lethal  total  laxly  irradiation,  tin*  storage 
time  can  usually  lie  extinded  to  19  or  11 
tlays,  after  which  tenninutkm  occurs  due 
to  flic  death  of  tlie  intermetliate  host.  Tliis 
provides  a  period  tif  approximately  10  days' 
storage  time  whk-h  is  a  significant  improve¬ 
ment  over  onr  presently  available  metlunls. 

Perhaps  heiter  means  of  iuumroosuppres- 
sk>u  conk!  provitk-  an  intermediate  Imst 
tltu  coukl  serve  as  a.  xemilianli  for  a  longer 
period  of  time.  For  instamv.  anlilytnplio- 
extr  senim  lias  Iwn  shown  to  he  relatively 
(intent  when  used  to  suppress  xenogeneic 
rejection  responses."  Of  course,  if  fnrtluT 
investigation  reveals  a  method  ol  immuno¬ 
suppression  tliat  wnukl  indefinitely  jxoloug 
organ  storage,  we  woubl  have  <k*velopcd  a 
tcchnb|ne  that  would  make  xenolisnking 
inmecossaiy,  In  this  instance,  it  would  then 
lie  possible  to  transplant  a  primate  organ 
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to  man  aixl  obviate  the  iK-ed  for  human 
0r4.u1  storage. 

l>ata  lias  been  presented  to  suggest  tlie 
acquisition  of  liaboon  antigen  fov  the  stored 
monkey  kidney  during  its  period  of  resi¬ 
dence  in  tin*  balloon  intermediate  liost.-1 2 3 * 5 
This  lialiooii  antigen  apparently  stimulates 
a  cellular  rejection  resjxmsc  when  returned 
to  tin-  organ  donor.  In  addition,  a  sero¬ 
logical  Immoral  antibody  response  was  also 
noted  in  tlie  doiNir  after  reimplantation  of 
Ms  xeiMiliauked  organ.  Hoivnw.  the  studies 
sIkiw  tliat  Isotli  tin*  eelhtlar  and  hutnora! 
response  to  tin*  xcuoliaukcd  autograft  is  a 
temporary,  nonpmgressive.  and  totally  rc- 
versiWe  process. 

Perlmps  more  important  is  tlie  suggestion 
that  xenohanked  organs  have  a  reduced, 
masked,  or  absence  of  antigenicity.  A  mon- 
key  kidney  graft  stored  in  a  baboon  xiuo- 
liank.  when  subsequently  implanted  info 
a  second  monkey,  may  slime  a  survival 
time  of  up  to  30  days  compared  to  normal 
survival  times  of  7-19  days  m  untreated 
monkey  renal  allografts  tliat  are  not  stored. 
There  am  several  possible  explanations  for 
the  prolonged  survival  of  these  allografts. 
(1)  Perhaps,  as  ha*  been  suggested  by 
Guttniaie'  ami  others,'-'*  tlie  lymphocyte  is 


tlie  main  source  of  antige  ;n  a  kidney 
graft.  If  thfa  is  the  case,  tlien  these  cells 
which  t*"-  active  and  motile  may  in  great 
]iart  be  waslied  out  or  actively  migrate 
from  tlie  graft  during  tlie  storage  period. 
UjKin  suliscqucnt  reimplantation  of  tlie 
siored  allograft,  the  recipient  would  re¬ 
spond  against  xenogeiK'ic*  antigen  acquired 
by  tlie  graft.  Iwt  woiild  only  slmvlv  develop 
an  allogeneic  response  against  the  kidney 
tliat  Itad  K111  depleted  of  macaque 
lympliocytcs.  (2)  Macaque  aliuantigens 
may  lie  blocktil  or  covered  by  adsorbed 
IuKxmi  antigens.  .As  tlie  baKmtt  antigens 
arc  removed.  tl».*  maeaq'.e  antigens  may 
tlieti  K*  uncoveriil  to  stimulate  a  delayed 
allograft  reaction.  (3)  The  prolongatkm 
may  lie  due  to  enhancing  antibody.  YalkLi- 
tion  of  this  jiossibility  would  require  identi¬ 
fication  and  tiution  of  a  protective  autilmdy 
from  tin-  graft. 

Xcnobankrag  lias  pnwided  an  intriguing 
model  for  tlie  study  of  problems  inb  en» 
in  organ  storage,  and  of  those-  pcvsriit  in 
xenotransplantation  in  general.  In  so  doing, 
it  will  hopefully  funrish  answers  to  im¬ 
portant  qnestkms  posed  hy  attempts  at 
long-tc*nii  clinical  organ  ptx -serration  and 
cross-species  grafting. 
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